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Effects of High-Moisture Ryegrass Hay 
Ammoniation on Quality Preservation 
BILLY D. NELSON, 1 LALIT R. VERMA, 2 AND BERNADINE 
BARBER1 
Treating hay with anhydrous ammonia produces many benefits , in-
cluding increased nitrogen content, increased fiber digestion, and de-
creased growth among detrimental molds and other microbes, thereby 
permitting farmers to bale high-moisture hay, minimizing spoilage (8). 3 
High humidity and cool weather in the Gulf South prohibit spring curing 
of ryegrass hay at the optimum quality stage. Experimentation at the 
Southeast Research Station has shown that growing ryegrass maintains 
digestible dry matter (DOM) levels in excess of 65 percent until mid-
April. After that date, DOM declines 0. 75 .percentage units daily until 
mid- to late May. Rainfall, cool weather, and high relative humidity 
through mid-April slow curing and decrease hay quality. Mechanical 
conditioning and/or chemical astringent application should speed drying 
and cµring of the hay to permit earlier harvesting (13). 
Baling high-moisture hay is another means of reducing curing time 
and limiting chances of weather-related damage to the forage. However, 
microbial activity in high-moisture hay reduces protein and energy values 
and causes development of molds. Microbial activity may be partially 
controlled by treating green hay with organic acids or anhydrous ammonia 
at or after baling (2, 4, 6, JO). 
This study was conducted to investigate the effects of applied anhydrous 
ammonia on preservation and quality of ryegrass hay stored in large, 
round-bale packages. The effect of a chemical astringent on drying rate 
of fresh-cut ryegrass also was measured. 
'Associate Professor and Research Associate , respectively, Southeast Research Station, 
P.O. Drawer 567, Franklinton , La. 70438 . 
2Professor, Department of Agricultural Engineering, Louisiana Agricultural Experiment 
Station , LSU Agricultural Center, Baton Rouge , La. 70803. 
31talic numbers in parentheses refer to Literature Cited, page 19. 
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Review of Literature 
Several studies have been conducted to evaluate the effects of anhy-
drous ammonia on quality of high-moisture alfalfa hay during storage. 
Anhydrous ammonia has been found to lower the temperature and pre-
serve the nutritive value of high-moisture hay in a large bale package 
(8) . Fungicidal and alkalinity properties of ammonia are helpful in pre-
serving hays baled at 20 to 35 percent moisture . The strong fungicidal 
property prevents molding and heating , while nitrogen in the ammonia 
increases crude protein content of the hay. Ammonia-treated bales were 
higher in crude protein concentration, acid-detergent fiber digestibility, 
and voluntary intake by cattle than untreated bales (4) . 
Ammonia treatment of large and small alfalfa hay packages was in-
vestigated to evaluate treatment effects on temperature change over time, 
dry matter loss, and mold development. Alfalfa containing up to 50 
percent moisture was preserved in covered bales treated with ammonia 
(9) . Rotz et al. (11) have developed equipment for applying preservatives 
during baling . According to them, ammonia treatment did not provide 
satisfactory preservation of alfalfa hay at moisture levels above 25 per-
cent. In another study , large, round bales of orchardgrass hay were suc-
cessfully arnmoniated using the cold-fto method (17). Animal intake and 
fiber and dry matter digestibilities of the hay were increased; prolonged 
heating was reduced in the 30 percent moisture hay. Dry matter losses 
during storage and feeding were reduced by 10 to 20 percent; unbound 
protein in the hay was increased, with ammonia retention being greatest 
in the higher moisture hay . . 
Research conducted on ammoniation of hay generally has involved 
poor-quality forage , such as straw, which was ammoniated at 1 to 3 
percent on a dry matter (OM) basis, with no toxic effects to animals 
being noted (12) . Some farmers have treated high-quality hay, such as 
that from cereal grains, with an excess of ammonia (4 to 7 percent), 
resulting in toxicity to animal con urning it. Signs of toxicity in cows 
included nervous behavior, circling convulsion , and at times death . 
Weiss et al. (16) fed ammoniated (4 percent) orchardgrass hay to sheep; 
three of the nine sheep exhibited convulsion on day 13 of the trial, and 
two died on day 14. Calve consuming milk produced by cows fed 
orchardgrass hay ammoniated at 4 percent displayed hyper-excitability , 
running in circle and into wall of their pens (16). The authors concluded 
that high-quality hay that had been treated with ammonia in excess of 3 
percent would be toxic to animal · their data suggest the toxin to be a 
fluorescent alkaloid . 
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Materials and Methods 
A study was initiated in 1982 and continued in 1983 at the Southeast 
Research Station, Franklinton, Louisiana to investigate the effects of 
anhydrous ammonia application on preservation and quality of high-mois-
ture ryegrass hay stored in large , round bales. 
On April 27, 1982, a commercial desiccant (trade name 'Conservit,'4 
Fenn and Company , Cottage Grove, Oregon) was sprayed at the rate of 
8 pounds per acre, on half of an 8-acre ryegrass field immediately prior 
to cutting at the boot stage. The remainder of the field served as a check. 
A mower-conditioner was used to cut the forage about 10:00 a.m. Drying 
rates of forage samples from the treated and control areas were determined 
by collecting directly after windrowing and drying samples immediately 
in a microwave oven to identify initial dry matter level. Thereafter, forage 
samples were taken periodically over a 3-day period to monitor drying 
rate . Since 'Conservit' application did not significantly affect hay drying 
rate in the field, forages from the treated and check areas were combined 
and used without distinction for the storage phase of the study. 
Eight bales were formed with a chain-driven, round baler at each of 
three moisture levels, 40, 30, and 20 percent, for a total of 24 bales. 
Four bales from each moisture level were completely enclosed in black 
plastic sheeting (6 mil) and treated with anhydrous ammonia at the rate 
of 3 percent hay dry weight. The plastic-enclosed bales were stored on 
the ground. Ammonia was injected into each bale from a 'nurse tank' 
gauged to measure the amount of ammonia passing through a tube in-
stalled in the bale through the plastic cover. The remaining four bales 
from e;ich moisture level, not having been treated with ammonia and 
serving as controls, were stored on elevated wooden racks and covered 
with plastic. All bales were weighed, measured, and core-sampled for 
laboratory analyses before ammoniation and storage. Core sampling was 
performed with a 2.5-inch sampler (7) inserted radially at three locations 
along the length of the bale. A thermocouple was installed inside the 
core of each bale, and temperature was recorded twice daily until it 
stabilized. 
On April 18, 1983, ryegrass was cut with a mower-conditioner and 
baled at moisture levels of 35, 20, and 13 percent (field-dried). Eight 
bales were formed at each of the 35 and 20 i)ercent moisture levels . Four 
bales at each of the two moisture.levels were enclosed in a commercially 
available, .15-rnillimeter black 'Bale Bag,' tied with nylon cord to seal, 
and stored on the ground. The remaining four bales at each of these two 
moisture levels were stored on elevated racks with a plastic cover. Two 
•Trade name is used solely to provide specific information . Mention of a trade name 
does not constitute an endorsement of the product. 
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of the four bales representing each hay moisture percentage (35 vs 20) 
and storage method (enclosed on ground vs covered on rack) were treated 
with anhydrous ammonia (3 percent dry weight). Two bales of each four-
bale set received no ammonia. Two bales were formed of the field dried 
hay ( 13 percent moisture) and stored on elevated racks with a plastic 
cover without ammonia injection . These two low-moisture hay bales 
served as the control. 
Bales remained in storage for 5 months in 1982 and 6 months in 1983. 
At the end of storage, all treated bales were uncovered to dissipate excess 
ammonia. ' Three days later, core samples were taken from each bale, 
dried in a forced-air oven at 50°C, and ground with a Wiley Mill using 
a I-millimeter screen. The samples were then analyzed for neutral-de-
tergent fiber (NDF), hemicellulose (HC), acid-detergent fiber (ADF), 
cellulose (cell), acid-detergent lignin (AIL), crude protein (CP), acid-
detergent insoluble protein (ADIP) , and in vitro digestible dry matter 
(IVDDM) (1,5). 
At the conclusion of storage one bale of hay from each treatment was 
fed, cafeteria-style, to mature dairy animals for an estimate of palatability 
and to measure refusal. The six bales from 1982 and nine bales from 
1983 productions were individually placed in round racks in the feeding 
area, and animals were allowed to feed ad libitum until they refused to 
consume any more hay . The hay left in each rack was weighed and dry 
matter determined to calculate quantity and percentage refusals from each 
treatment. 
One bale from each treatment in each of the two years was chopped 
through a hammer mill to approximately 1.0- to 1.5-inch lengths and fed 
to mature wethers in a conventional digestion trial to obtain in vivo 
digestion data. 
Statistical analysis of 1982 data was performed as a completely random 
design with a factorial arrangement of treatments. The control ( 13 percent, 
field-dried) treatment was compared with the mean of each other treatment 
in 1983. A factorial analysis of all treatments except the control also was 
performed (3). 
Results and Discussion 
1982 Study 
Drying conditions were good , with no rain before bailing the hay , in 
1982. Desiccant application did not increase the overall rate of forage 
drying . On the first day after cutting, lo s of moisture was greatest from 
desiccant-treated forage , dropping from 83 to 61 percent for treated and 
to 69 percent for untreated . By the following morning , moisture content 
of both treated and untreated forages was equal at 72 percent. During the 
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remainder of curing, no difference in drying rate was observed between 
treatments. Difficulty in obtaining uniform coverage of chemical astrin-
gent on a thick, dense stand of ryegrass forage could have been a reason 
for the lack of accelerated drying. In a similar study, Tsang-Mui-Chung 
and Verma (13) also reported ineffectiveness of chemical desiccants in 
speeding the drying rate of ryegrass hay . 
Temperature within all bales was elevated during the first 6 days of 
storage, with high-moisture hays showing the greatest increase (Fig . 1) . 
Temperature declined to a relatively stable level at the end of 12 days 
into storage. High-moisture , untreated hay peaked at 89°C compared with 
76°C for the ammonia-treated hay. Mean temperatures of high-moisture 
treated and untreated hays for the 60-day monitoring period were 45° and 
63°C , respectively. Those means for the intermediate-moisture treated 
and untreated hays were 44° and 51°C, respectively , and 36° and 42°C, 
respectively , for low-moisture treated and untreated hays . 
Data from the 1982 study on bale physical parameters , losses during 
storage , and animal refusal are presented in Table 1. Bale weight declined 
under all storage conditions as did hay moisture content. Bale density 
increased during storage from ammonia treatment at all three moisture 
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Fig. 1.-Core temperatures of large, round bales of hay stored at three moisture 
levels, with and without anhydrous ammonia injection. 
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Table 1.-Physical parameters (dry matter basis) and losses of ryegrass hay in 
large, round bales before and after storage, with and without anhydrous ammonia 
injection, 1982 
Storage moisture, % 
40 30 20 
Vorioble' W/NH,2 W/oNH,' W/ NH3 W/oNH3 W/ NH3 W/oNH3 
lnitiol wt, lbs. 761.0 750.0 631.0 561 .0 664.0 679.0 
Final wt, lbs. 662.0 561.0 592 .0 517.0 642.0 649.0 
lnitiol moist., % 36.6 36.4 27.8 27.8 19.3 17.7 
Final moist ., % 33.6 26.2 21.6 18.0 7.9 8.7 
Initial density, 
lb/ft3 11.2 9. 1 9.3 6 .6 8.8 7.0 
Final density, 
lb/ft3 12.6 7.6 10.2 7. 1 10.3 7.5 
Shrinkage, % 22.3 10.0 14.9 12.8 17.2 11.6 
Dry matter loss, % 13.0 25.2 6.3 7.8 3.3 4.9 
Animol refusal, % 10.9 16.7 13.8 15.6 12.8 11 .9 
Total loss, % 23.9 41.9 20. l 23.4 16.l 16.8 
1 Each value is the mean of measurements in four boles of hoy. 
7With ommonio injection. 
' Without ammonia injection. 
levels but decreased in untreated hay at the high moisture level. Ammonia-
treated bales at 40 percent moisture showed the greatest shrinkage in 
volume, 22.3 percent. Les shrinkage, ranging from 10.0 to 17 .2 percent, 
was recorded for other treatments , with significant differences (P< .05) 
among moisture levels apparently being due only to ammonia treatment. 
The greatest dry matter lo ses during storage occurred in untreated hay 
packages, with highest losses occurring at the highest moisture level. 
Losses of dry matter in untreated bale were 25, 8, and 5 percent for 
untreated bales at the 40, 30, and 20 percent moisture levels , respectively. 
Hay bales injected with ammonia lost an average of 13, 6, and 3 percent 
dry matter at the three moisture levels, respectively. Effect of ammonia 
treatment on dry matter loss wa ignificant (P<.05) only in the 40-
percent moisture hay . Animal refusals were greatest, 16.7 and 15.6 per-
cent, respectively , with untreated bales at the two highest moisture levels. 
Refusal levels of all other hays ranged from 10.9 to 13.8 percent. Am-
monia treatment reduced total lo s at the high- and intermediate-moisture 
levels but had no effect at 20-percent moisture. 
Initial chemical composition value of hays in 1982 are summarized 
in Table 2. Chemical compo ition , expre ed as a percentage of initial 
values , following 5 month of torage that year i presented in Table 3. 
Forage neutral-detergent fiber (NDF) level during storage was not affected 
(P< .05) by ammonia treatment or by hay moisture content at baling. 
Hemicellulose (HC) content decrea ed during storage, with the greatest 
decrea e occurring in 40-percent hay . Ammonia treatment significantly 
affected (P< .05) HC only at the 30 percent moisture level , causing an 
8 
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Table 2.-lnitial chemical composition (dry matter basis) of ryegrass hay in large, 
round bales before storage, 1982 
Variable' 
NOP 
HC 
AOF 
Cell 
All 
CP 
AOIP 
UCP 
IVOOM 
Moisture, % 1 
40 30 20 
W/NH,3 W/oNH,• W/NH3 W/oNH3 W/NH3 W/oNH3 
----------------------------------------------Percent----------------------------------------------
62 .5 63.6 55.7 66.1 63.4 65.1 
25.9 25.0 20.7 26.2 23.6 29.5 
38.4 38.5 34.9 39.8 39.7 39.7 
30.1 30.7 29.1 32.2 30.6 31.4 
3 .2 4.2 2.9 4.0 3.5 3.7 
14.4 15.8 15.7 12.9 14.5 14.3 
1.7 2.0 2.0 2.0 2. 1 2.1 
12.7 13.8 13.7 10.9 12.4 12.2 
56. 1 55. 1 58.7 55.1 57.2 54.8 
'Moisture content af hay at baling. 
' NOF = neutral-detergent fiber ; HC = hemicellulose; AOF = acid-detergent fiber; Cell = cellulose; 
All = acid-insoluble lignin; CP = crude protein; AOIP = acid-detergent insoluble protein; UCP 
unbound crude protein; IVOOM = in vitro digestible dry matter. 
3With ammonia injection. 
' Without ammonia injection. 
' Each value is the mean of assaying four bales of hay. 
Table 3. - Treatment mean effects on relative chemica I composition (dry matter basis), 
expressed as a percentage of initial chemical composition of ryegrass hay in large, 
round bales following storage, 1982 
Variable' 
NOP 
HC 
AOF 
Cell 
All 
CP 
AOIP 
·ucP 
IVOOM 
Moisture, % 1 
30 20 
W/NH,3 W/oNH3' W/NH3 W/oNH, W/NH3 W/oNH3 
--------------------------------------------- Percent---------------------------------------------
97. 906 99.7a 103.9a 100.0a 106.2a 105.4a 
64.9a 49.6a 73.4b 94.3a 109.3a 95.6a 
115.6b 132.5a 121.Sa 100.8b 104.3a 101.5a 
106.3a 114.3a 109.3a 100.9a 102.6a 104. la 
230.5b 305.3a 182.Sa 127.5a 1n.5a 124.3a 
142.4a 108.2b 163. la 115.5b 106.9a 102.la 
520.7a 544.9a 276.Sa 160.7a 185.3a 156.3a 
90.4a 46.4b 146.2a 107.4b 93.Sa 93.0a 
116.0a 97.5b 110.4a 99.3b 103.0a 98.0b 
'Moisture content of hay at baling. 
2NOF = neutral-detergent fiber; HC = hemicellulose; AOF = acid-detergent fiber; Cell = cellulose; 
All = acid-insoluble lignin; CP = crude protein; ADIP = acid-detergent insoluble protein; UCP 
unbound crude protein; IVOOM = in vitro digestible dry matter. 
3With ammonia injection. 
' Without ammonia injection. 
5Eoch value is expressed as a percentage of the initial value and is the mean af four bales of hay. 
6Values in a row within the same moisture level followed by the same letter are not different (P<.05). 
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accelerated reduction in HC content. Acid-detergent fiber (ADF) tended 
to increase during storage; changes in ADF due to ammonia treatment 
were significant (P<.05) in hay stored at 40 and 30 percent moisture 
levels. There was a significantly greater increase (P<.05) of ADF in 
untreated hay stored at 40 percent moisture than in treated. At 30 percent 
moisture level , the effects were reversed; ammonia application increased 
(P<.05) ADF content more than not treating. Cellulose (cell) content 
tended to increase during storage but was not affected (P<.05) by any 
treatment. Acid-insoluble lignin (AIL) greatly increased (P< .05) during 
storage under all treatment conditions. Ammonia application restricted 
(P<.05) the level of increase in AIL at 40 percent moisture. 
Crude protein (CP) content increased during storage under all treatment 
combinations, with the increase being least at the 20 percent moisture 
level. Ammoniation improved (P<.05) high-moisture hay CP concentra-
tion, with final values at 142 and 163 percent of the initial in 40 and 30 
percent hays, respectively. Ammonia injection had no effect (P<.05) on 
CP content of 20 percent hay. Apparently , moisture is necessary to bind 
nitrogen supplied by anhydrous ammonia to forage components. 
Heat generated inside the bale obviously increased acid-detergent in-
soluble protein (ADIP), the degree of change depending upon temperature 
(14) and moisture level. Protein tied up in plant fiber is considered un-
available to the ruminant animal's digestive system. Hay ADIP greatly 
increased in all treatments during storage, but the effect of ammonia 
application was not significant (P< .05). At the conclusion of storage, 
ADIP in 40 percent hay had increa ed to more than 500 percent of the 
original. Unbound crude protein (UCP) that fraction considered acces-
sible to the animal, was calculated as the difference between CP and 
ADIP. There was Jes UCP in hay after storage at both the highest and 
lowest moisture storage levels , with ammonia application reducing the 
loss in 40 percent hay . Ammonia treatment increased (P<.05) UCP at 
the 30 percent moisture level , with the final value being 146 percent of 
the original. At the lowest hay moisture level (20 percent), ammoniation 
had no effect (P<.05) on UCP. 
In vitro digestible dry matter (IVDDM) of hays at all three moisture 
levels was significantly improved by the ammonia treatment, with im-
provement being greater at higher moisture levels. Following storage, 
IVDDM percentages of ammoniated hays were 116, 110, and 103 of the 
beginning level for storage moi ture levels of 40, 30, and 20 percent, 
respectively. Untreated hay showed mall decreases in digestibility, av-
eraging 2 percentage units at the end of storage. 
In vivo digestible dry matter (DDM) and nutrient digestion coefficients 
of the 1982-produced hays are hown in Table 4. Ammoniated hay stored 
at 30 percent moisture had the highe t (P<.05) DDM percentage (65.8), 
10 
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Table 4.-Treatment mean effects on in vivo digestible dry matter and nutrient 
digestion coefficients of ryegrass hay in large, round bales following storage, 1982 
NH3 
opp. 
Hay 
moisture 
% DOM' NDF' HC3 ADF' Cell• cp• 
------------------------------------------------ Percent ------------------------------------------------
Yes 40 A62.5b7 A73.9b A88.2b A67.9a A85.5a A51.9b 
Yes 30 A65 .8a A78.2a A95.6a A71.5a A87.4a A54. lab 
Yes 20 A58.4c A64.9c A71.9c A60.5b A73.0b A58.3a 
No 
No 
No 
40 
30 
20 
848.6b 
858.70 
A59.8a 
'In vivo digestible dry matter. 
' Neutral-detergent fiber . 
3Hemicellulose. 
'Acid-detergent fiber . 
' Cellulose. 
•crude protein. 
859.5b 
863.90 
A66. la 
871.90 
870.50 
A72.4a 
855.4b 
859.4a 
A61.7a 
873.30 835.3b 
870.3b 861.40 
A73 .6a A60.2a 
7Means within a column and an ammonia treatment followed by the same small letter and those within 
a column at any one moisture level preceeded by the same capital letter are not different (P<.05). 
followed by that of treated hay at 40 percent moisture (62 .5). In the 
absence of ammonia injection , the lowest (P< .05) DOM percentage (48.6) occurred in the high-moisture hay. Digestibility of untreated hays 
stored at 30 and 20 percent moisture was the same. 
Among treated hays, that stored at 30 percent moisture showed the 
highest (P< . 05) digestion coefficients for NDF and HC. Among untreated 
hays, NDF digestion was poorest at 40 percent moisture. Digestibility of 
HC in untreated hay was not affected (P< .05) by moisture content. 
Ammonia treatment improved (P< .05) digestibility of ADF at hay 
storage levels of 30 and 40 percent. Untreated hay stored at the highest 
moisture level experienced a reduction (P<. 05) in ADF digestibility. 
Digestion of cellulose reacted positively (P<.05) to ammonia treatment 
in hays stored at the two higher moisture regimes; in the absence of 
ammonia injection , cellulose digestion was poorest (P< .05) in hay stored 
at 30 percent moisture. 
Protein digestion was drastically reduced in untreat~d hay stored at 40 
percent moisture content. Percentage CP digestibility of that hay (35.3) 
was very low compared with all other treatment combinations. Ammo-
niation at the highest moisture level greatly helped in preserving diges-
tibility of crude protein. 
1 1 
1983 Study 
Drying conditions were good with no rain before baling of hay in 1983. 
The effects of treatment on ryegrass hay physical parameters and losses 
during storage are reported in Table 5. Bale weight declined less during 
storage with ammonia injection than without. Final hay moisture per-
centage was affected by ammonia treatment in 35 percent moisture hay. 
Moisture content of treated hay was higher. Ammonia-treated bales stored 
on racks at 35 percent moisture decreased in moisture content by 11.5 
percent, compared with only I . 7 for those enclosed in plastic bags. Little 
difference in moisture loss occurred between the two storage facilities in 
hay baled at 20 percent moisture content, with percentage losses of about 
8 and IO in treated and untreated bales , respectively. Field-dried control 
bales, stored at 12. 7 percent moisture, contained 10. 3 percent when the 
study was concluded. 
Dry matter losses were greatest in untreated bales stored at high mois-
ture; enclosing the bales in plastic bags and treating with ammonia pre-
served dry matter during storage at a comparable level to that of field-
dried hay . Considerable free water accumulated in the bottom of the 
sealed bags , especially with high-moisture , untreated hay , resulting in 
rot. The rotted fraction was considered to be dry matter loss and was 
deducted from the final weight. Nevertheless, dry matter loss in high-
moisture hay was slightly lower for bagged than rack storage. Arnmon-
iating hay of 20 percent moisture reduced dry matter loss below that of 
field-dried hay. 
Animal refusal was less than I percent for hay under all storage con-
ditions except that not treated with ammonia and stored in plastic bags 
at both moisture levels. The greatest animal refusal, 15.6 percent, oc-
curred with untreated bales stored in plastic bags at 35 percent moisture. 
Maximum total loss (43.8 percent) occurred in untreated hay baled at 35 
percent moisture and stored in enclo ed bags. Several other treatment 
combinations resulted in total hay losses approaching or exceeding 20 
percent. Field-cured hay stored on covered racks experienced a total loss 
of 17. 9 percent, compared with only 8. 6 percent for ammoniated hay at 
20 percent moisture tored in bags. 
Initial chemical composition values of the 1983 ryegrass hays are re-
ported in Table 6; forage quality in 1983 was considerably higher than 
that of 1982. Average comparative percentages were: ADF-37 .7 and 
32.4, CP-14.9 and 16.0, and IVDDM-57 .3 and 71.9 , for the years 
1982 and 1983, respectively . 
Treatment mean effects, expressed as a percentage of beginning level, 
on chemical composition of hays during storage are reported in Table 7. 
NDF increa ed during storage under all treatment conditions, with the 
greatest, although not significant , increa e being a sociated with the high-
est hay moisture level tored under pla tic on an elevated rack. Ammonia 
12 
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Table 5.-Physical parameters and losses (dry weight basis) of ryegrass hay in large, round bales after storage, with and without 
NH3 injection, 1983 
Storage condition 
Elevated rock, covered w/plostic 
Control' Moisture, 35% Moisture, 20% 
Variable' W/oNH,3 W/NH, W/oNH3 
Initial wt., lb. 948.0 805.0 816.0 
Final wt., lb. 785.0 627.0 563.0 
Initial moist., % 12.7 . 34.4 35.9 
Final moist., % 10.3 22.9 11.8 
Dry matter loss, % 17.2 22.1 31.0 
Animal refusal, % 0.7 0.7 0 .8 
Total loss, % 17.9 22.8 31.8 
'Each value is the mean of measurements in two boles of hoy. 
'Hoy moisture content of 13 percent (field-dried). 
W/NH3 
928.0 
814.0 
19.8 
11.9 
12.3 
0.8 
13.1 
3W/o NH, = without ammonia injection; W/NH, = with ammonia injection. 
W/oNH, 
906.0 
741.0 
20.3 
10.1 
18.2 
0.6 
18.8 
Plastic bog, enclosed 
Moisture, 35% Moisture, 20% 
W/NH, W/oNH, W/NH, W/oNH, 
917.0 834.0 860.0 1010.0 
763.0 598.0 792.0 867.0 
33.8 35.8 20.6 20.7 
32.1 15.6 13.7 10.0 
16.8 28.2 7.9 14.2 
7.0 15.6 0 .7 10.9 
23.8 43.8 8.6 25.1 
~ 
Table 6.-lnitial chemical composition (dry matter basis) of ryegrass hay in large, round bales before storage, 1983 
Storage condition 
Elevated rack, covered w/plastic Plastic bag, enclosed 
Control ' Moisture, 35% Moisture, 20% Moisture, 35% Moisture, 20% 
Variable' W/oNH, W/NH, W/oNH, W/NH3 W/oNH, W/NH, W/oNH, W/NH, W/oNH, 
----------------------------... -----------------·---·-----------·----------·------ Percent ------------------------------------------------------------------------------
NDF 57.0 52.9 54.2 53.3 53.0 52.9 54.8 53.7 54 .2 
HC 22.6 20.3 22 .6 21.0 21.5 19.1 23.9 21.8 21.7 
ADF 34.4 32 .6 31.6 32.3 31.5 33.8 30.9 31.9 32.5 
Cell 27.9 25.1 25.3 27.2 27.3 25.2 25.0 26.6 26.9 
AIL 4.7 4 .5 3.7 3.9 3.7 3.8 4 .1 3.7 3.6 
CP 16.2 16.9 17.7 15.1 15.2 13.2 18.4 15.3 15.7 
ADIP 2.1 2. 1 2.3 2.0 1.7 2.0 2.3 1.4 1.4 
UCP 14.1 14.8 15.4 13. 1 13.5 11.2 16.4 13.9 13.3 
IVDDM 71.6 72.2 72.5 71.9 71.3 72.7 71.4 71.6 71.8 
' Hay moisture content of 13 percent, field-dried; W/oNH, = without ammonia injection; W/NH, = with ommonio injection. 
2NDF = neutral-detergent fiber; HC = hemicellulose; ADF = acid-detergent fiber; Cell = cellulose; AIL = acid-insoluble lignin; CP = crude protein; ADIP 
= acid-detergent insoluble protein; UCP = unbound crude protein; IVDDM = in vitro digestible dry matter. 
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Table 7.-Treatment mean effects on relative chemical composition (dry matter basis), expressed as a percentage of initial chemical 
composition of ryegrass hay in large, round bales following storage, 1983 
Storage condition 
Elevated rack, covered w/plastic Plastic bag, enclosed 
Control ' Moisture, 35% Moisture, 20% Moisture, 35% Moisture, 20% 
Variable2 W/oNH3 W/NH3 W/oNH3 W/NH3 W/oNH3 W/NH3 W/oNH3 W/NH3 W/oNH3 
NDF 109.2' 133.6a' 125.70 123.20 118.80 107.20 114. la 105.6a 103.20 
HC 112.7 136.30 100.2b 127.20 114.70 80.50 75.4a 82.30 84.20 
ADF 107.2* 131.90 144.30 120.6a 121.6a 122.30 144.0b 121.6a 116.30 
Cell 114.2 121.0a 124. la 122.4a 123.70 111.0a 131.7b 112.20 104.Sa 
All 87.3* 167.4a 313.5b 118.20 114.90 167. la 234.30 130. la 184.20 
CP 115.2* 127.90 109.5a 122.0a 106.30 179.0a 123.8b 155.20 124.7b 
ADIP 193.9* 533.Sa 557.20 218.90 202.5a 474.0a 480. la 354.90 745.8b 
UCP 103.5 70.4a 42.90 107.6a 95.90 125.20 71.5b 135.0a 64.6b 
IVDDM 90.5 91.70 87. lb 94.30 91.6a 87.90 82.5b 89.50 88.20 
' Hay moisture content of 13 percent (field-dried); W/oNH3 = without ammonia injection; W/NH, = with ammonia injection. 
2NDF = neutral-detergent fiber; HC = hemicellulose; ADF = acid-detergent fiber; Cell = cellulose; All = acid-insoluble lignin; CP = crude protein; ADIP 
= acid-detergent insoluble protein; UCP = unbound crude protein; IVDDM = in vitro digestible dry matter. 
'Each value is expressed as a percentage of the initial value and the mean of two bales of hay. 
'Values in a row within the same moisture level and storage facility followed by the same letter are not different (P< .05). 
*Value is different from the mean of each other treatment combination (P<.05). 
treatment had no effect on change in NDF within a moisture level, but 
storage in plastic bags limited NDF increase to levels comparable to those 
of the control. 
Amrnoniation increased (P< .05) hay HC concentration stored at the 
highest moisture level on racks with plastic cover. Storage in plastic bags 
reduced (P< .05) HC level of all hays . Hay ADF content increased 
(P<.05) during storage under all treatment conditions; injection with 
ammonia at 35 percent hay moisture level significantly (P< .05) reduced 
ADF increase below that of non-ammoniated hay. Cellulose content of 
hay also increased during storage. However, the only significant (P< .05) 
treatment difference was between arnmoniation and no ammoniation at 
35 percent moisture stored in plastic bags , in which case ammonia in-
jection limited the increase. With the exception of the control, hay AIL 
content increased during storage under all treatment combinations. The 
AIL level was lowest (P< .05) in the control (field-cured). Although 
increases were considerable in many ca es , the only significant (P< .05) 
treatment difference occurred in hay stored on racks at 35 percent mois-
ture. In that case, ammoniation restricted (P< .05) the increase in AIL, 
as was its tendency for hay stored in enclosed bags at both moisture 
levels . 
Crude protein increased during storage, but the only significant in-
creases were associated with ammoniation of hay stored in plastic bags 
at both moisture levels. Protein insolubility (ADIP) increased dramatically 
under all storage conditions, with the least increase (P<.05) occurring 
in the control. Ammoniation was effective in controlling (P<.05) the 
increase in hay ADIP when stored at 20 percent moisture in plastic bags. 
Availability of protein (UCP) in hay is a quality factor of much interest 
to livestock producer . The only significant (P<.05) improvement in 
protein availability was associated with ammoniation of hay stored in 
pla tic bags. Baling at 35 percent moisture in the absence of applied 
ammonia and storing under cover on elevated racks resulted in more than 
half the hay CP becoming unavailable; ammoniating on racks at the high 
moisture level cut the loss to only one-quarter. 
Hay IVDDM declined in all treatment during storage, with positive 
ammonia effects (P< .05) occurring only in hay stored at 35 percent 
moi ture. Ammoniation restricted (P<.05) the decline in IVDDM to that 
of the control at that moisture level with hay stored either on racks or 
enclosed in bags. 
Treatment mean effects on in vivo digestible dry matter (DOM) and 
nutrient digestion coefficient of hay baled in 1983 are shown in Table 
8. Amrnoniation improved (P<.05) hay digestibility over non-ammonia-
tion only for rack storage (at both moi ture levels). However, digestibility 
of ammoniated hay was not uperior to the control (field-dried, non-
ammoniated) . Rack-stored hay tended to be higher in digestibility than 
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Table 8.-Treatment mean effeds on in vivo digestible dry matter and nutrient 
digestion coefficients of ryegrass hay in large, round bales following storage, 1983 
Hay 
NH3 moist. Storage 
opp. % facility DOM' NDF2 HC3 ADF• Cell• CP6 
----------------------------------- Percent -----------------------------------
Yes 35 Rack + 64. Ba* 78.Sa 94. la + 68.9a 87.6b 56.2a 
No 35 Rack 61.8b 69. lb 73.0b + 67.6a 91.4a 48.0b 
Yes 35 Bag 60.0b + 70.3b + 77.7b + 66.6a + 83.3c 53 .Sa 
No 35 Bag 60.5b 65.5c 68. lc 63.4b + 83.0c 45.5b 
Yes 20 Rack + 69.6a 77.9a 88.3a 73.6a 86.4a + 67.5a 
No 20 Rack + 65.3b + 75.la + 83.4a + 71.3a 86.5a 58.3b 
Yes 20 Bag + 66.9b + 72.0b + 76.0b + 69.5a + 84.3a 63.5a 
No 20 Bag 61.4c 65.7c 68. lc 64.5b 79. lb 59.5b 
Control 13 Rack 67.7 73.7 79.8 69.0 83 .6 68.8 
1 In vivo digestible dry matter. 
2Neutral-detergent fiber . 
3Hemicellulose. 
•Acid-detergent fiber . 
' Cellulose. 
•crude protein. 
+ Means are not different from the corresponding control mean (P< .05). 
*Means within a column and a moisture level followed by the some letter are not different (P<.05). 
that stored in enclosed bags. 
The NDF digestion coefficients of amrnoniated hays stored on racks 
at both moisture levels were superior (P<. 05) to that of the control , with 
no significant difference between bagged-ammoniated and the control. 
Ammoniated hays stored on racks were higher (P<.05) in HC digestion 
than that of the control. Non-amrnoniated , bagged hays were lowest 
(P< .05) in HC digestion. The only treatment higher (P<.05) than the 
control in ADF digestion involved the amrnoniated, 20 percent moisture 
hay stored on racks. Cellulose digestion was highest (P< .05) in non-
ammoniated, rack-stored, 35 percent moisture hay. Non-amrnoniated, 20 
percent, bagged hay was inferior (P< . 05) in cellulose digestibility to the 
control . 
Hay protein digestibility values for all treatment combinations , except 
amrnoniated , 20 percent hay stored on a rack , were inferior (P< .05) to 
that of the control. Protein digestibility of non-ammoniated, high-moisture 
hay was reduced to less than 50 percent of total CP. 
Digestion data from 1983 studies indicate that anhydrous ammonia did 
not improve digestibility of high quality ryegrass forage , since the field-
dried control hay was equal or superior to hays from all other treatments. 
Generally , following 6 months of storage, hay stored on racks exhibited 
higher digestion values than that stored in plastic bags. 
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Summary 
Anhydrous ammonia moderated temperature elevation in high-moisture 
ryegrass hay stored in large, round bale packages. Ammonia treatment 
reduced dry matter loss during storage and animal refusal following stor-
age of hay baled at high moisture levels in 1982. Dry matter loss in 1983 
was higher for untreated bales than ammoniated bales, with the greatest 
loss being in hay baled at 35 percent moisture and stored in plastic bags. 
Arnrnoniation in 1983 reduced animal refusal of bag-stored hay compared 
with untreated hay. 
There was no consistent trend for changes during storage in structural 
carbohydrate level due to anhydrous ammonia in 1982 or 1983. High 
moisture content accelerated the increase in ADF and AIL during storage 
in both 1982 and 1983. Hay NDF and HC declined while in storage 
during 1982; storage in plastic bags during 1983 caused a significant 
reduction in HC content. Anhydrous ammonia increased CP concentration 
of hay stored at 40 and 30 percent moisture levels in 1982 and that 
stored in bags at 35 and 20 percent moisture levels in 1983. Treated hay 
stored at 30 percent moisture in 1982 and bagged hay stored at 35 and 
20 percent moisture in 1983 exhibited increases in UCP. Ammonia treat-
ment increa ed IVDDM value at all three moisture levels in 1982 and 
moderated IVDDM reduction during torage in 1983 . A probable reason 
for the IVDDM decline in 1983, even with ammonia treatment, was that 
the ryegrass baled that year wa initially higher in quality than that baled 
in 1982. Bag storage at high moi ture tended to adversely affect IVDDM 
in 1983. 
The effects of moisture and ammoniation on hay digestibility also were 
shown in DDM values. In 1982, ammoniated hay tored at 40 and 30 
percent moisture level had higher DDM value than the untreated hays. 
In 1983, none of the hay from any treatment wa superior to the control 
(13 percent moisture, non-ammoniated) in dige tibility; DDM value of 
the control was 67 . 7 percent. However all ammoniated hays, except that 
bag-stored at 35 percent moi ture , were equal to the control in DDM 
value. Hay stored in bag wa of lower quality than that stored on racks. 
Even though ammonium toxicity (crazy cow yndrome) was not in-
vestigated in this study, it i noted that this could be a seriou problem. 
Research has shown that injecting high quality hay with anhydrous am-
monia at a level higher than 3 percent (dry matter ba i ) may be lethal 
to animals con urning the treated hay . 
Re ult reported here how that ammoniation hould enhance the qual-
ity of poor ryegra hay, a in the 1982 tudy by increa ing CP and UCP 
and improving digestibility of DM and tructural carbohydrates. Even 
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though the quality of treated hay was not enhanced in 1983 compared 
with that of the control, the use of ammonia did permit baling ryegrass 
at high moisture, thereby reducing field-curing time and the potential for 
weather-related damage. 
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